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THE STABILITY OF THE COMPRESSION COVER OF BOX BEAMS STIFFENED BY POSTS!

By Pavr Seipk and Pavn F. BARgETT

SUMMARY

An inrvestigation is made of the buckling of the compression
corer of post-stiffened boxr beams subjected to end moments.
Charts are presented for the determination of the minimum
post axial stiffnesses and the corresponding compressive buckling
Ioads required for the compression cover to buckle with nodes
through the posts. Application of the charts fo design and
analysis and the limitations of their use are discussed.

If the flexural stiffness of the tension cover is equal to or less
than that of the compression cover, buckle patterns with longi-

tudinal nodes through the posts are mot obtainable, no matter

how stiff the posts are made or how closely they are spaced.

The weight of the required posts is found to be very low com~
pared with the weight of the compression corer in an illustrative
example, the ratio of the two being about 2% percent.

INTRODUCTION

Post-type construction has recently gained some support
in the aircraft industry. This construction has been incor-
porated in at least one operational aircraft and is being
cousidered for others. The basic elements are relatively
thick tension and compression surfaces conuected in?the

interior by posts or rods. These posts serve to raise the-

buckling load of the surfaces by restricting the buckle
patterns that may form. In reference 1 and in the present
report, a compression surface supported by a rectangular
array of rigid or effectively rigid posts is found to buckle
as if continuously supported along either transverse or longi-
tudinal lines through the posts.

If post-type construction is to reach aun advanced stage
of development, much research is needed. The large number
of parameters involved, even in the simplest idealization of
the problem, however, makes a complete investigation diffi-
cult. The scope of the present investigation has therefore
been very much limited.

The problem as conceived in the present report is as
follows: Two long, flat, rectangular plates of identical
length and width, simply supported along their edges-and
of unequal thickness and material properties, are counected
in the interior by identical axially elastic posts in rectangular
array. The connection between the posts and plates is
assumed to be one of simple support (of the ball-and-socket
type, for instance) so that no resistance is offered to rotation
of the plates. Oune plate is subjected to a longitudinel
compressive load and the other, to an equal longitudinal
tensile load. Both the longitudinal and transverse spacing

w

of the posts are uniform; the two spacings, however, may
differ. (See fig. 1.) The minimum axisl stiffness of the
posts required for the compression surface to buckle with

nodes through the posts and the corresponding buckling '_"j

loads are to be determined.

The structure thus outlined is an ideslization of a long
post-stiffened box beam subjected to end bending moments,
The numerical results of a theoretical analysis of this prob-

lem are presented herein in both tabular and graphical form

(tables I to IIT and figs. 2 to 4). The analysis itself, pre
sented in the appendix, is of a more geuera.l nature and may
be used to investigate other problems in the des1gn of plate
structures stiffened by posts.

1t Supersedes NACA TX 2153, “The Stability of the Compression Cover of Box Beams 8tiffened by Posts™ by Paul Seide and Paul F. Barrett ,1950.
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SYMBOLS

b box-beam width

t plate thickness

E Young’s modulus of elasticity of plate material

i Poisson’s ratio of plate material

‘D _ plate flexural stiffness per unit width (12 —r)

DD, ratio of flexural stiffnesses of tensiéon and com-
pression surfaces

R plate flexural-stiffness ratio (Dz/Dc)

N, plate Ioad per unit width, positive in compression

. surface for compression and in tension surface
for tension

k plate-load coefficient (buckling-load coefficient
for compression-plate) (IV.4%/=2D)

N critical compressive load per unit width in com-
pression surface for equal tensﬂe load in tension
surface -

N b*[x*D; compressive-buckling-load parameter

M number of longitudinal bays

N number of transverse bays

L longitudinal distance between posts

Lfb ratio of longitudinal distance between posts and
box-beam width

8 aspect ratio of plate between adjacent lines of
post (L/b)

F axial stiffness of posts, force per unit deflection

Fbo¥fx*D,  post axial-stiffness parameter

S post axial-stiffness parameter (F5%/x2Dg)

XY,Z coordinate axes (see fig. 1)

z,Y 2 distance along coordinate axes

plate deflection in Z-direction
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general coefficient in Fourier series for w

integers

integer defining location of post in a-direction
(1Ses(M—1))

integer defining location of post in y-direction
(1=sd=(N-1)) : )

integer defining number of buckles in z-direction
(1=¢=s(A-1))

integer defining number of buckles in y-direction
(I1sps(N—-1)}

U

‘7

w
Subscripts:
C

T

P

potential energy
strain energy
work done by external loads

compression plate
tension plate

posts - . '

The subscript er when applied to L/ or 8 refers to the
transition from buckling with longitudinal nodes through
the posts to buekling with transverse nodes through the posts.

~ML b
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FIGURE 1.—Idealization of hox beam stiffened by Dposts.
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(b) Buckling loads for box beams with effectively rigid posts.
F1a0RE 2.—Continued.

RESULTS AND DISCUSSION

The numerical results of the present investigation consist -

of values of the minimum post stiffnesses and the corre-
sponding compressive buckling loads required for the com-
pression surface of long post-stiffened box beams subjected
to end bending moments to buckle with nodes through the
posts. Because such buckle patterns do not transmit lead to
the posts, the posts are not compressed and are effectively
rigid. Post axial stiffnesses greater than those presented
herein will not serve to increase the buckling load of the
structure. Combinations of the post axial-stiffness parameter
and the compressive-buckling-load parameter, for different
values of the ratic of the longitudinal distance between posts
to the box-beam width and the ratio of the flexurs] stiffnesses
of the tension and compression surfaces, are given in tables I
to IIT and are presented graphically in figures 2 to 4 for one,
two, and three rows of posts,

The most significant qualitative result to be read from

the figures (especially figs. 2(c), 3{c), and 4(c)) is that |

huckling of the compression surface with longitudinal nodes
through the posts is never obtainable for box beams in use
in aircraft construction (for which the stiffness of the tension
surface is at most equal to that of the compression surface),

even if the posts are infinitely stiff. Reference 1 shows that,
if the tension surface and the posts are rigid, buckling of the
compression surface occurs with longitudinal nodes through
the posts when theratio of the distance between the posts amd

the box-beam width is less than a certain value <b<(5) )

and occwrs with transverse nodes through the posts when
this value is exceeded. These results are found to be valid
when the.flexural stiffness of the tension surface is as little
as about 3.5 times that of the compression surface (the
exact value of Dr/D¢ depends on the number of rows of posts)
and when the post axial stiffnesses are those given in figures
2 (a),3(a),and 4 (2). However,if the flexural-stiffnessratiois

less than this value of about 3.5, neither longitudinal nor .

transversé nodes through the posts can be obtained for some
values of L/b, even if the post axial stiffness is made infinite.
The spread of these values of L/b is indicated by figures
2(c), 3(¢), and 4(c); the buckling loads in this region when
the posts are rigid are shown by the dashed-line curves of
figures 2(b), 3(b), and 4(b}. As the fexural-stiffness ratio
decreases, the region in which the compression cover buckles
with 10ng1tudma1 nodes through the posts also deereases until,
when the ratio is about 1.5 or less, the longltudmal-nodc
buckle pattern is not obtainable.
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(¢} Buckling phenomena attainable for box heams with effectively rigld pests.
F1gurE 2—Coacluded. ) -

LIMITATIONS ON USE OF CURVES IN ANALYSIS

The use of the curves of figures 2 to 4 for analysis is subject
to many limitations. Inasmuch as the investigations of the
present report are limited in scope, the buckling loads of
plates having post stiffnesses less than the stiffness required
for nodes to pass through the posts cannot be found in most
cases. Certain conclusions, however, may be drawn from the
present results to aid in the determination of whether 2 given
load will be carried by & given plate-post system: namely,

(1)} If, for given values of the ratio of the flexural stiff-
nesses of the tension and compression surfaces and the ratio
of longitudinal distance between posts and box-beam width,
the required buckling-load coefficient lies above the appro-
priate curve of figures 2(b), 3(b), -or 4(b), the load cannot
be carried because these curves indicatethe maximum buck-
ling loads of long plate-post structures.

(2) If the buckling-load coefficient lies on or below the
solid or dash-dotted part of the appropriate curve and the
post axial-stiffness parameter is greater than or equal to the
value required for nodes to pass through the posts, as given
by figures 2(a), 3(a), or 4(a), the load can be carried.

(8) If the buckling-load coefficient lies on the appropriate
solid or dash-dotted line curves, and the post axisl-stiffness
parameter is less than the requlred values, the load cannot
be carried. Further investigation is requu'ed if the buckling-
load coefficient lies below these curves. .

(4) If the buckling-load coefficient falls on the dashed part
of the appropriate curve, the load can definitely not be
carried because an infinite post stiffness would be needed.
Further investigation is necessary if the bucleg—load co-
efficient is below these curves.

Several simplifving assumptions that also may affect the
applicability of the present results to the design and analysis
of actual post-stiffened box beams have been made in the
statement of the problem. The statement that the plates
are flat and subjected to axizl loading implicitly neglects
the effects of bending of the plates and the resultant loads
on the posts, due to the end moments. Possible buckling
of the posts has not been considered but may be dealt with
by making the moment of inertia of the post as large as
possible. If hollow or built-up sections are used for this
purpose, the thickness of the walls 'should be made large
enough to prevent local buckling.
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Froore 3.—Two rows of posts.
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(b} Buckling loads for box beams with effectively rigld pests.
FraceE 8.—Continmed. ’ -

Because of the large number of computations involved, no
investigations have been made to determine the adequacy
of the present results in their application to plates of finite
longitudinal length. It seems reasonable; however, in view
of the results of references 2 to 4, to conclude that & finite
plate having three posts or more in the longitudinal direction
may be considered long, insofar as buckling with transverse
nodes through the posts is concerned.

ILLUSTRATIVE DESIGN

As an flustration of the application of the various charts {
to a design problem, the posts are designed for a plate
structure for which the following-data are given:

Thnit load, N.., pounds perineh___ . 15, 000
Compression-plate thickness, f¢, equals tension-plate thick-

ness, fr, inches ______ oo 0. 375
Plate width, b, inches_ .o 28
Vertical distance between plates, k, inches________________ 556
Modulus of elasticity of plate material, E, pst ___.__._____ 10.5X10¢
Poisson’s ratio of plate materiel, g - . _.__ 0.3

It is desired that the buckle pattern be such that nodal
lines pass through the posts. This specification is equiva-
lent to that of designing the ribs of skin-stringer construction
so that buckling takes place between ribs.

Then,

The required compressive-buckling-load coefficient of the = _
structure is given by N 5*/x*D¢ where .

- _ chcs
De=130 %

105X 10°X(0.375)°
12(1—0.39)

=50,700 pound-inches

N.. b
D¢

15000 X 28*
50700+*
=23.5

Inasmuch as the thickness and material properties of the
tension plate are identical with those.of the compression
plate, the values of Dy/Dc for the problem is unity. _
The maximum buckling-load coefficient obtainable mth
Neb® n
2D, =4N?, the
bucklingload coefficient of a long plate of width b/N. From
figure 2(b) it can be seen that the required buckling-load
coefficient may not be obtained with one row of posts. The
coefficient could be obtained by using two rows of posts but
the required buckle pattern of nodes passing through the

any number of rows of posts is given by
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(o} Buckling phenomens attalnable for box beama with effectively rigid posts.
Fiaurx 3.—Concladed,

posts could not be obtained.
must be used.

If three rows are used, the curves of figure 4(b) indicate
that, for Dr/D¢ equal to 1.00, a buckle pattern with trans-
verse nodes through the posts is obtainable. With N,.b%/x*De¢
equal to 23.5, the corresponding value of L/b is equal to
0.215. Hence, the maximum permissible longitudinal post
spacing L is givenby =~ -

L=}

At least thrée rows of posts

L
;

=28X0.215
=6.0 inches

The minimum required post stiffness may now be obtained
from figure 4 (a).
With Lfb equal to 0.215 and Ds/D¢ equal to 1.00, the cor-

responding value of Fb*/x?D, is equal to 300. The post

stiffness is then
2Dy Fb?
b 22D,

_ 507007*
To(28)}

=191,000 pounds per inch

300

" in stiffening material.

If the posts were of aluminum, the required area would be

h
A=EF

__5.5X191000
10.510°

=0.100 square inch

"The diameter of a circular rod would be

d=\/—‘5><o.1oo
[

=0.36 inch

The ratio of the weights of posts and compression cover is
0.028. This ratio is appreciably lower than that of the
weights of ribs and compression surface in conventional
skin-stringer construction, given in reference 5 as about 0.5
for minimum weight design, and represents a greal saving
i The question of whether such low
weight ratios are obtainable for actual box beams in which
factors other than buckling of the compression cover must
be considered in design cannot be completely answered until
many designs utilizing post stiffening have been made,
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(b) Buckling loads for box beams with effectively rield posts.
Fiavre 4.—Continued.

CONCLUDING REMARKS

The minimum post axial stiffness and the corresponding
buckling loads required for the compression cover of a box
beam stiffened by posts and subjected to end moments to
buckle with nodes through the posts have been determined.
Where buckling with nodes through the posts is not obtain-
able, even with rigid posts, the buckling loads of box beams
with rigid posts are given. .

If the flexural stiffness of the tension cover is equal to or
less than that of the compression cover, buckle patterns
with longitudinal nodes are not obtainable, Do matter how

stiff the posts are made or how closely they ure spaced,

For the particular example worked in the present report
the weight of the required posts is very low compared with
the weight of the compression cover, the ratio of the two
being abaut 2}% percent. A complete evaluation of post
stiffening is not possible, however, until many more designs
and tests have been made.

LaNGLEY AERONAUTICAL L:ABORATORY,
Narronar ApvisorRy COMMITTEE FOR AERONAUTICS,
LancrEY Frewo, Va., May 10, 1960,

. EE e wm—
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APPENDIX
DETAILS OF ANALYSIS AND COMPUTATIONS

DEI_!IVATION OF CRITERIA FOR STABILITY OF PLATE
STRUCTURES STIFFENED BY POSTS

The following problem is more general than the one
outlined in the introduction:

Two flat rectangular plates of equal finite length and
width, simply supported along their edges and of unequal
‘thickness and material properties, are connected in the
interior by identical axially elastic rods in rectangular array.
The connection between the posts and plates is one of simple
support, of the ball-and-socket type, for instance, so that
no resistance is offered to rotation of the plate. The plates
are subjected to unequal axial-loads. Both the longitudinal
and transverse spacing of the rods are uniform; the two
spacings, however, may differ. (See fig.'1.) The combina-
tion of loads that will cause the structure to buckle is to be
found.

The Rayleigh-Ritz energy method used to. analyze this
problem consists of the following procedure. Fourier series
to represent the deflected shape of the plates are first as-
sumed. The energy of the various components of the
structure and the work done by the external loads are then
expressed in terms of the unknown Fourjer coefficients, and
the potential-energy cxpression of the structure is written.
When the potential-energy expression is minimized with
respect to each of the coefficients, a set of simultaneous
equations is obtained which is manipulated in the manner
of references 2 and 6 to yield finally the stability criteria
for the structure. '

The deflected she:pe.s of the two buckled plates may be.

expressed generally by the double Founer series

mre . nwy e
wT_'ﬂ‘El:lngl amnrsm ML s —— b : (2)

These expressions satisfy the condition of s1mp1e support
on all four edges of each plate.
The energy stored in the buckled plates is then

Dc ML bsz 03 "wC')

TJ; J; Y + oy? dzdy+
D'p ML asz bng
2—.1; J; oy -l- ) dzxdy

4h °° ML ? :
=8(§4.L)s m-In-I 2+< ) 2] (Dca-mncz'l' Dr‘am:!rz)
(3)

'rc + V‘P=

and. that stored in the deformed posts is

M-1N-1F
Vem 3

We—W
<t -12( () T)

F M=l N1 mme . nxd ]

=5 2 2| 2D @axe—am sin B sn BE [ 0y
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The work done by the loads in movmg with the ends of the

plates is_

W+ W= N, f e f (%) 4 dy—

N, ML
2f fbw" dzdy

b &, & .
~8ML 21 21 2(]\'Trc‘a”""4.'.'2_1\’7;1"1"‘"rﬂ) (5

The poténtial energy is

U= Vc—F'trr'i" VP—‘ WC_ WT

m cn IL 2 -

~siny 2 &+ )"“] (Petnsg' Drtma )+
FM—IN—I o oo_‘ . n d 2
2 c-I 1[mz=rlnz-'1(am" Cmng) sin 7 JI .Z:; -

AIL_Z 2 mXN; Cmrg

m=1 =}

_Ar.rramurg) (6)

The buckling load is determined by the condition that the
potential energy be a minimum; that is,

QU _RU o (=12... =)
aa’”c bafjr ] =1,2, « CXJ)
or
[(iz_l_‘??ﬂ__.pﬁ?)ﬂ_kciiﬂp’g’]@”c 43{,-26 sz-lnz-}.(am.c—
o Trnyp) Lﬁ sin — AI ¢ sin K[c) (;‘, sin - sm )—.0 (71
and
(624 M*ﬂﬂ)’+wﬂfﬂ’lau,~ S L5250

. ime nwd d
Amngp) 27:,:sm M’ ®sin M,)(;sm N sm‘“ )— (8)
(i=1,2, ... =)
(j=112r s 0}

Equations (7) and (8) may be combined to yieid

4 M "B‘S I: 1
(z

(13— Bagg) + AR — kT

1/R
T IR | 2o @mre
M=
Cmng) ZI sin n;&c sin n-c)( 21 sin 2 ,\, sm {:fd =0 (9)

Cm]
(1=1,2, ... =)
{(1=1,2, . . . «)
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unless a;;,=a:s,, in which cgse

JLS (i=1,2, ... «) .

2

(11,3 ) (=12, ...a) @O
which indicates that both plates are subjected to their re-
spective Euler buckling loads.

The remaining details of the analysis are similar to those
- of references 2 and 6 and are therefore omitted. Insummary,
the series

(Mz—lsm mac . u—c)(

cm]

sin ﬂ‘n‘d jrd)

may be evaluated by means of the table on page 8 of-refer-
ence 2. HEquations (9) are then seen to separate into inde-
pendent sets, each of which may be manipulated to yleld
a stability criterion. The resulting criteria are

1 ﬁ3‘.\T @ d 1 +
——0 z I g\
S = £ :-—ﬂkcﬂz<gs+ﬂ%) — (28-[—%) +(2rN+P)2’3{r

T e « 1 i I
ﬁa% r-z—m I-Z—O : ; : -= 0

(¢=1,2, ... M—1)
(P=172; .. AT_I)
ke=—Fkr
(3 ‘2'3'-'IEB~2 (r=138,5, . .. =)
B i i B A e B
and
ke=—Fkz
=2 2‘;""{25)2 (r=2,4,8, . .. =)}
_<ﬁ+r § - (8=2,4,6, ... m) (13)

Equations (10) to (13) constitute the complete set of stability
criteria for the problem.

COMPUTATION DETALLS

The computations may be divided into three main groups:

(a) The determination of the minimum post stiffniess
required for the compression cover plates to buckle with
longitudinal or transverse nodes through the posts.

(b) In those regions where the required stiffness does not
exist, the determingation of the buckling load attamable with
infinitely stiff posts.

. (¢) The determination of the boundaries of the various
regions.

Equation (11), which was used to make the calculetions,
involves nine quantities, eight of whieh must be known in
order that the ninth may be determined. ‘These ‘nine
quantities are the post axial-stifiness parameter (Fb*/a>D; or
S), the ratio of the distance between posts and the box-beam
width (L/b or 8), the two axial-load parameters (N 8*/=*Dc
or ke and N, b*/=*Dyor kr), the ratio of the flexural stiffnesses

-

kot (25+45) H (2o+fy) TN+ ()

|
|

[}

"longitudinal bays were finite.
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of the tension and compression cover (Dr/D. or R), the

number of bays in the longifudinal and transverse directions . .

(3 and N), and the integers which indicate the number of

| buckles in the longitudinal and transverse directions (¢ and

p). Values of these quantities are determined by the
details of the problem to be solved. In all the computations

for the present report, the box beam has been taken to be

infinitely long.
Buckling with fransverse nodes through the posts.—If

" the compression cover buckles with transverse nodes through

the posts, the buckling load coefficient is

ke=(3+8)

which is the compressive-buckling-load coefficient of o

simply supported plate of length L and width . The load _ B

coefficient in the tension cover was chosen for the present

_report ‘as
ke
AT——R—
in which case
Arzc =-;-\TzT=Arcr

The minimum required post axial-stiffness parameter is
completely determined by equation (11) for specified values
of the cover flexural-stiffness ratio, the length-width ratio,
and the number of rows of posts, if the number of buckles in

- the longitudinal and transverse directions are also known.

The ratio g/ is indicative of the number of buckles in a
10ng1tudma1 bay of the buckled plate. Itseemed reasonable,
in view of the results of references 2 to 4, to conclude that
gfAL should be taken as unity, since it may be assumed that
the transition from buckling with deformation of the posts
to buckling with transverse nodes through the posts is con-

tinuous for structures with an infinite number of longitudinal

bays and not sbrupt as would be the case if the numbér of ..

transverse direction and, therefore, p was taken equsal to
unity.
Buckling with longitudinal nodes through the posts.—

" Yhen the ratio of the longitudinal spacing between posts to

the box-beam width becomes small, the buckle pattern
abruptly changes from one with transverse nodes through
the posts to one with longitudinal nodes through the posts.

One buckle occurs in the_  _

The value of the width ratio at which this phenomenon
occurs was found by equating the buckling loads for the

two types of buckling because the two are equal at the point

of transition. The compressive-buckling-load coefficient for .

a long simply supported plate of width /N is given by
'c=4N7' -

.

the relationship

av=(3+8)

The critical length-width ratio was, therefore, found from
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or

(=)

The minimum post axial-stiffness parameter required for
buckling to oceur with longitudinal nodes through the posts
can be found from equation (11) provided that the ratio
¢/M and the number of transverse buckles are known. The
calculations of reference 7 for compressive buckling of plates
with longitudinal stiffeners indicate that the change from
buckling with deflection of the stiffeners to buckling with
nodes at the stiffeners is ebrupt and that only one transverse
buckle should be assumed for the determination of minimum
required flexural stiffness. It seemed logical that this condi-
tion should be sssumed to hold elso for plates stiffened by
posts and, accordingly, p was taken equal to unity. The
value of ¢/M was determined by graphically minimizing the
post axial-stifiness parameter with respect to ¢/A; that s,
various values of ¢/Af were chosen, the corresponding values
of § were obtained from equation (11), and the correct value
of § was determined by drawing a curve through the com-
puted values and picking off the minimum.

Boundary heiween regions.—A third type of buckling is
found to appear for relatively low values of the cover Jexural-
stiffness ratio. For instance, when R was equal to 2.00 the
minimum post axiel stiffness required for either longitudinal
or transverse node buckle patterns was found to be unobtain-
able for a certain range of values of the length-width ratio.
Further investigation showed that the post axial stiffness
required for a longitudinal node buckle pattern became
infinite at a certain value of the length-width ratio 8 less
than B, and that the post axial stiffness required for a trans-
verse node buckle pattern became infinite at some value of
B greater than 8.,. Between these two values, only buckle
patterns with deformation of the posts are obtainable. (If the
posts are rigid, they displace axially but are not compressed.)

The maximum value of the cover flexural-stifiness ratio R
at which this phenomenon is found to occur was determined
by setting the post axial-stiffness parameter equal to in-
finity, the length-width ratio equal to 8, the load coefficients

2
ke and Rkr equal to (BL-}-BC,) s the ratio ¢/M and the

number of transverse buckles equal to unity, and by solving
equation (11) graphically. This procedure determines the
value of B for which the spread of the range of 8, in which
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the third type of buckle pattern occurs, vanishes and thus
determines the maximum value of R for which the phe-
nomenon oecurs.

The boundaries between the regions in which the various
buckle patterns occur were found by placing the post axial
stiffness equal to infinity and using a procedure similar to
that of the previous sections to determine the length-width
ratio 8 for various values of R. '

When the cover flexural-stifiness ratio is approximately
1.5, the value of g marking the transition from buckling with
longitudinal nodes through the posts and buckling with the
displacement of the rigid posts is found to become equal 1o
zero, and this fact thus indicates that the longitudinal node
buckle pattern is unobtainable for values of R less than 1.5.
Because the stability criterion becomes indeterminate when

- B is equal to zero, more accurate values of the cover flexural-

stiffness ratio for which the phenomenon occurs were found
by placing 8 equal to the low value of 0.01 and finding R
graphically from equation (11).

" Buckling loads attainable with rigid posts.—The buckling

loads for various values of R and 8 in the region where the
compression cover buckles with axial displacement of the
rigid posts were found by graphically minimizing the loads
determined from equation (11) with respect to ¢/1f, with the
post axial-stiffness parameter equal to infinity, and with one
buckle in the transverse direction. '

REFERENCES

1. Budiansky, Bernard: Compressive Buckling of Flat Rectangular
Plates Supported by Rigid Posts. NACA RM L8I30L, 1948,

2. Budiansky, Bernard, Seide, Paul, and Weinberger, Robert A.: The
Buckling of a Column on Equsally Spaced Deflectional and Ro-
tationdl Springs. NACA TN 1519, 1948,

3. Seide, Paul, and Eppler, John F.: The Buckling of Parallel Simply
Supported Tension and Compression Members Conneeted by
Elastic Deflectional Springs. NACA TN 1823, 1949,

4. Budiansky, Bernard, and Seide, Paul: Compressive Buckling of
Simply Supported Plates with Transverse Stiffencrs. NACA
TN 1557, 1948,

5. Farrar, D. J.: The Design of Compression Structures for Minimum
Weight. Jour. R.A.S., vol. 53, no. 467, Nov. 1949, pp. 1041~
1052. . . . .

6. Cox, H. L., and Smith, H. E.: The Buckling of Grids of Stringers
and Ribs. Proc. London Math. Soc., ser. 2, vol. 48, 1043.

7. Séide, Paul, and Stein, Manuel: Compressive Buckling of Simply
Supported Plates with Longitudinal Stiffeners. NACA TN 1825,
1949, .



1101

Typeof
buckling
(9

Bm=1

GEEELLLED
(=1

e of
(2

T

o]
wrlrd o]l of o - AL
-

—— e

FERRE M wone

Wddddediiddd

R=0.23

of
_ %)

buckling

T

m o
ettt ol of ol o R BO IO

SN Nt

sAdgHgdees

SEELEREEIEE:
S

Rmi

“Hadage e

of

(%)

T

M
Ao ot ol o] HEY YOO
. . . IA

]

Rm={

of
)

T
buckli

TABLE I
Rm=2

OO L0110 o 4

-]
“eddgaggn e of

R=2

of
ng

(2}

ekl

DATA FOR ONE ROW OF POSTS

T

[<s]
o« EMMM

SERCLELLEELLER

of
(<)

T
_bue]

. o
4 4 BLOLOLO
-

THE STABILITY OF THE COMPRESSION COVER OF BOX BEAJMS STIFFENED BY POSTS

t&.h&ummum

38359885 988588
dddggdd

B RBDI- DD IcDmDOH

“Misdddngd iadn

R=0.5

NG R TR

telgddEge e

TABLE II

1SRN S ID O D L~

“IndddgdRg e

of

)

T
bu

DATA FOR TWO ROWS OF POSTS

Rm={}.5

through the posts.

rxgazafass

<

« A Bugl

)

dddd<d-dgad OOV

rse nodes

BP=cx

kling with rensve

Buekling with defiection of the .
Buckling witk longitudinal nodes through the posts.

B
[

C e LA T e Y]

SSdR A a s dgaen

SRSt CEELEREED

Buackling with deflection of the posts,
C Buckling with longitudinal nodes through the posts.

B

« A Buckling with transverse nodes through the posts.



1102

REPQORT 1047—XATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE III .
DATA FOR THREE ROWS OF POSTS
Rme R=2 R=1 X
T, aof T of T
B s k buckling 8 s E btickling 8 s k buc
(9 () - (C]
0.75 1.3 4. 340 A 0.73 1.2 £.340 - Q.75 13 £.340 A
.30 7.2 6.250 A .50 8.6 6.250 A 5 9.8 6,250 A
. 2.1 10. 766 CA ~3H LT 0. 786 A .34 . 428 10.766 A
.25 70.6 063 A .25 101 18.083 A .2 6.8 13.975 A
20 1838.1 27.040 A 20 280.8 27. 040 A .25 143.5 18.063 A
T 279.0 36.331 A 17 505.2 36.331 A .20 456.2 27. (40 A
.15 627.5 48. 467 A .15 2205.5 46, 467 A I8 1283.7 32.807 A
.14 it 8 53.040 A .14 @ 8.0 AorB AT Hi3. 9 36.331 A
127 1558.4 64 000 AorC .125 T @ 59.1 B .164 @ 30.2 Aor
.10 4.4 a4 00¢ (o] .1 @ 82.3 B .10 @ 50.8 B
.08 308.2 64. 000 Cc 087 @ 64 000 BorC .05 @ 52.8 B
0t 14.1 64. 000 C 03 1151.2 64000 (8]
02 752.3 600 ; C
.01 357.3 62000 ;| C
Rm(5 ~ Rm=(25
T of T of
8 S [ bo 8 5] k bac
(9 (<
0.78 L3 4.340 A 075 I.4 £.840 A
. 10.9 6.250 A .80 2.7 6.250 A
.3 56.5 10. 766 A .40 86.5 8. 410 A
.32 6.2 11.868 A 4 87.56 10.5766 A
.29 114.8 13.973 A .32 122.3 11.868 A
27 1657 15. 970 A .29 247.4 13.975 A
.25 263.3 18.083 A .27 I 15,970 A
.3 534 8, 20.057 A .26 17819 16. 860 : A
.21 2007.5 24, 720 A . .35 @ 17.6 AorB
. 205 @ 25.8 | AorB .176 @ 25.3 B
.10 « 38.9 B .10 @ 29.9 B
.05 @ 40.3 B .05 o - 30.8 B N

s A Buckling with transverse nodes th.rﬁugh the posts.
B Buckling with deflection of the posts. .
C Bauekling with longifudinal nodes throngh the posts.



